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(54) A remotely pumping type multi-wavelength light transmission system 



(57) Mufti -wavelength light is transmitted from a 
sending station to a receiving station. An erbium-doped 
optical fiber is installed on the transmission path that 
connects the sending station and the receiving station. 
Pump light is supplied from a light source installed in the 
receiving station to the erbium-doped optical fiber. In the 



receiving station, the mufti -wavelength light is decom- 
posed into the component wavelength signals. The light 
level of each component wavelength signal is detected, 
and the power of the light emitted by the light source is 
controlled so as to equalize those light levels. 



Tx 1 



Tx 



a- 



Q77> 



, SEN0INC STATIOU 



F I G 



UULT1-KAYELENGTH LIGHT 
(SIGNAL LIGHT) 

43a / ttb 

TRAK5UIS- \ TOW SES- 

SION PATH I SI OK PATH 

Q 4 s. n 



BRANCHING COUPLERS 46-1 TO 46-n 

I 



' /fOII "1 

COtf- I 
PLER I 



.—J 



TRANSMIS- 
SION PATH 



A PUMP M 



20- 



TXT 



Rx 


1 




Rx 


1 


M- 


Rx 


■ 



22-b 



45 



Puap 



RECEV I HG STATION 



a. 

LU 



Printed by Xerox (UK) Business Services 

2.16.3/3 4 



BNSDOCID: <EP 



_ 0865173A2. I .> 



BEST AVAILABLE COPY 



1 



EP 0 865 173 A2 



2 



Description 

Background of the Invention 

Field of the Invention 

This invention relates to a system for remote control 
of an amplifier that amplifies multi-wavelength light in a 
system that transmits multi-wavelength light In particu- 
lar, it relates to a remote pump system for an optical 
fiber amplifier. 

Description of the Related Art 

In the advanced information society that has devel- 
oped in recent years, optical fiber has become widely 
used in transmission paths to transmit information. Opti- 
cal fiber not only makes it possible to transmit larger 
amounts of data at higher speed, but also is superior in 
long-distance transmission. 

However, even in optical fiber that is superior for 
long-distance transmission, the signal that is transmit- 
ted through the optical fiber attenuates as the transmis- 
sion path becomes longer. For this reason, in, for 
example, a long-distance optical transmission system 
that connects cities or continents, normally relay nodes 
are established at specified intervals; at each relay 
node the signal is amplified and sent on to the next relay 
node. 

A variety of types of optical amplifiers have been 
developed to amplify light signals. One of them is known 
as the optical fber amplifier. In particular, in the 1.55 
micrometer wavelength band, rare earth -doped optical 
fiber amplifiers into which a rare earth substance such 
as erbium has been injected are widely used. In a rare 
earth-doped optical liber amplifier, the rare earth sub- 
stance that has been injected into the optical fiber is 
raised to the exerted state by pump light that is input 
separately from the signal light and the signal light is 
amplified by that pump energy. 

When data are transmitted between continents, 
particularly in high-speed communication, ocean floor 
cables are usually used. These ocean floor cables are 
normally optical fiber cables, and optical amplifiers are 
installed at specified intervals. That is to say, in this kind 
of long-distance optical transmission system, the optical 
amplifiers such as optical fiber amplifiers are often laid 
on the ocean floor. 

However, if trouble occurs in an optical amplifier laid 
on the ocean floor or if it deteriorates, that optical ampli- 
fier must be raised to the ocean surface in order to 
repair or replace it, making maintenance work difficult. 
Meanwhile, in order to minimize the occurrence of such 
trouble and deterioration, such an optical amplifier is 
required to have far greater reliability than an ordinary 
optical amplifier and it is necessary to use expensive 
components, making the manufacturing cost very high. 

Remote pump has been proposed as one means to 



deal with this problem. In a remote pump system, a light 
source that supplies pump light for the optical fiber 
amplifier (and the circuit that controls that light source) 
are installed at some distance away from the optical 

5 fiber amplifier, normally, as shown in Fig. 1A, the light 
source is installed at or near the transmitter or receiver. 
That is to say, in a remote pump system, the light source 
unit and the control circuit, in which it is easy for trouble 
to occur, are installed on the ground, and only the opti- 

10 cal fiber components (identified in the figures as EDF = 
erbium - doped fbers). in which breakdown and deteri- 
oration almost never occur, are laid on the ocean bot- 
tom. For this reason, it is possible to construct a system 
that is easy to maintain without making an optical fiber 

is amplifier of higher quality (reliability) than necessary, 
reducing the cost. 

However, the amount of information transmitted 
through the networks has been increasing greatly. In 
this situation, a great deal of research and development 

20 work has been done on the technology to increase the 
amount of information that the transmission paths can 
handle. Wavelength Division Multiplex (WDM) transmis- 
sion is a technology to increase the capacity of trans- 
mission paths. Multi-wavelength transmission is a 

25 method in which several light signals at different wave- 
lengths are multiplexed for transmission through a sin- 
gle optical transmissbn path; information can be 
transmitted on each wavelength (channel). Recently it 
has been proposed to introduce such a multi-wave- 

30 length multiplex transmission system into the remote 
pump optical transmission system described above. 
One particular case in which multi-wavelength light is 
transmitted in an optical transmission system with a 
remote pump configuration is illustrated in Fig. IB. 

35 When multi-wavelength light is amplified using an 
Er-doped fiber (EDF) in a remote pump system, nor- 
mally the pump light power output from a pump light 
source ("pump") is held at a constant value in order to 
measure the stability of the amplification action in the 

40 optical liber amplifier. When pump light is supplied to 
the optical fiber amplifier, all of the wavelengths of the 
multi-wavelength light are amplified at once. That is to 
say, when the multi -wavelength light is being multi- 
plexed in a plurality of channels, signals on a plurality of 

45 channels at mutually different wavelengths are ampli- 
fied all at once. 

However, in general the gain in an optical fiber 
amplifier depends on the wavelength. For this reason, if 
appropriate pump control is not applied to the optical 

so fiber amplifier, the gain on the different channels on 
which the multi-wavelength light has been multiplexed 
will no longer be the same, and the light levels on the 
different channels will become different. In addition, in 
multi-wavelength transmission, the greater the number 

55 of channels that are multiplexed on one optica! fiber, the 
greater the amount of pump energy that becomes nec- 
essary, making it desirable to control the action of the 
optical fiber amplifier according to this number of chan- 
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nels. 

However, in existing remotely pumping systems, 
control has not been applied considering the wave- 
length dependence of the optical liber amplifier gain or 
the number of channels that are multiplexed. For this 
reason.the levels on each channel deviate from one 
another, or the signal light level can be inappropriate 
causing increased noise. 

Summary of the Invention 

This invention relates to a system that transmits 
multi-wavelength light. The subject ol this invention is in 
the system in which the optical fiber amplifier that ampli- 
fies the multi -wavelength light is remotely controlled, to 
decrease the level deviations on each channel on which 
the multi -wavelength light is multiplexed and, at the 
same time, to suppress noise of the multi -wavelength 
light. 

The multi-wavelength light transmission system of 
this invention assumes that there is at least one optical 
amplification unit on the transmission path that trans- 
mits multi-wavelength light between the sending station 
and the receiving station and that pump of the optical 
amplification unit is controlled from a remote location. 

The system has a light source that generates pump 
light that is installed within or near the receiving station 
and supplies that pump light to the at least one optical 
amplification unit, and a control circuit that is installed 
within or near the receiving station and adjusts the light 
emitting power of the light source for the purpose of 
adjusting the light levels on a plurality of channels which 
are multiplexed on the multi -wavelength light. 

In another embodiment of this invention, the system 
has a light source that is installed within or near either 
the sending station or the receiving station and gener- 
ates pump light that is supplied to the optical amplifica- 
tion unit a detecting circuit that detects the number of 
multiplexed wavelengths in the multi-wavelength light, 
and a control circuit that adjusts the light emitting power 
of the light source corresponding to the number of mul- 
tiplexed wavelengths detected by the detecting circuit. 

Brief Description of the Drawings 

Fig. 1 A is a diagram that explains the basic config- 
uration of a remote pump system. 

Fig. IB is a system configuration diagram for the 
case in which a remote pump system is introduced into 
a system that transmits mufti -wavelength light. 

Fig. 2 is an overall configuration diagram of the 
transmission system of this embodiment. 

Fig. 3 is a diagram showing the wavelength charac- 
teristics of the optical gain of erbium-doped optical fiber. 

Fig. 4 is a diagram showing the slope of the gain 
with respect to pump light power and wavelength. 

Fig. 5A and 5B are diagrams showing the light level 
on each channel included in the multi-wavelength light 
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Fig. 6 is a configuration diagram of the transmission 
system of the 1st embodiment. 

Fig. 7 is a diagram explaining the configuration of 
the receiving station. 
5 Fig. 8A to 8D are diagrams explaining the WDM 

coupler and the branching coupler. 

Fig. 9 is a configuration diagram of the control cir- 
cuit in Fig. 6. 

Fig. 10 is a diagram explaining the difference 
io between states in which a signal is being transmitted 
and in which a signal is not being transmitted. 

Fig. 1 1 is a configuration diagram of the transmis- 
sion system of the 2nd embodiment. 

Fig. 12 is a configuration diagram of the transmis- 
15 sion system of the 3rd embodiment. 

Fig. 13 is a configuration diagram of the transmis- 
sion system of the 4th embodiment 

Fig. 14 is a configuration diagram of the transmis- 
sion system of the 5th embodiment. 
20 Fig. 1 5 is a configuration diagram of the control cir- 

cuit 72 shown in Fig. 14. 

Fig. 16 is a configuration diagram of the transmis- 
sion system of the 6th embodiment 

Fig. 17 is a configuration diagram of the transmis- 
25 sion system of the 7th embodiment. 

Fig. 18 is a configuration diagram of the transmis- 
sion system of the 8th embodiment. 

Fig. 19 is a diagram showing the configuration of 
the optical amplification section installed in the optical 
30 isolator. 

Fig. 20 is a configuration diagram of the transmis- 
sion system of the 9th embodiment 

Fig. 21 is a configuration diagram of the transmis- 
sion system of the 10th embodiment. 
35 Fig. 22 is a configuration diagram of the transmis- 
sion system of the 1 1th embodiment 

Fig. 23 is a configuration diagram of the transmis- 
sion system of the 1 2th embodiment 

Fig. 24 is a configuration diagram showing a varia- 
40 tion of the transmission system of the 12th embodiment. 

Fig. 25 is a configuration diagram of the transmis- 
sion system of the 13th embodiment. 

Fig. 26 is a configuration diagram of the transmis- 
sion system of the 14th embodiment 

45 

Detailed Description of the Invention 

The transmission system of this invention assumes 
that there is at least one optical amplification unit on a 

so transmission path that transmits multi-wavelength light 
between a sending station and a receiving station, and 
that the optical amplification unit is controlled from a 
remote location. The system includes a light source that 
is installed within or near the receiving station and gen- 

55 erates pump light that is supplied to the at least one 
optical amplification unit, and a control circuit that is 
installed within or near the receiving station and adjusts 
the power of the light emitted by the light source to 
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match the light levels on the plurality of channels which 
are multiplexed on the multi -wavelength light. This con- 
trol circuit receives part from each of the respective 
channels onto which the multi-wavelength light is 
branched in the receiving station, and adjusts the power 
of the light emitted by the light source so that the light 
levels will be equalized (in agreement). The optical 
amplification unit is, for example, a rare earth-doped 
optical fiber. 

The wavelength characteristics of the gain of the 
optical amplification unit are controlled by the power of 
the pump light supplied from the light source. Here, part 
of the multi -wavelength light that has been amplified by 
the optical amplification unit is fed to the control circuit, 
and feedback control is applied to the light power emit* 
ted from the light source in accordance with the wave- 
length characteristics of that multi-wavelength light. In 
this way, multi-wavelength light that has the desired 
wavelength characteristics can be produced. 

The transmission system of another embodiment of 
this invention includes a light source that is installed 
within or near either the sending station or the receiving 
station and generates pump light that is supplied to the 
light amplification unit, a detecting circuit that detects 
the number of wavelengths in the multi-wavelength light, 
and a control circuit that adjusts the light power emitted 
by the light source corresponding to the number of 
wavelengths detected by the detecting circuit. 

When multi- wavelength light is amplified, if the 
number of channels for transmitting signals on the multi- 
wavelength light is increased, the amount of pump 
energy needed to amplify that multi -wavelength light to 
a specified level also increases. In order to increase the 
pump energy, the pump power must be increased. Con- 
sequently, by making the system in such a configuration 
that the light power emitted by the light source is 
adjusted according to the number of multiplex of chan- 
nels, then, even if the number of channels over which 
the signal is transmitted is changed, the multi-wave- 
length light can be adjusted to a specified level by using 
the light amplification unit 

Let us now explain an embodiment of this invention 
referring to the drawings. Fig. 2 is an overall configura- 
tion diagram of the light transmission system of this 
embodiment; it will be used principally to explain the 
transmission of the multi-wavelength light. The trans- 
mission system of this embodiment transmits multi- 
wavelength light as signal light from the sending station 
10 to the receiving station 20. This multi-wavelength 
light can multiplex the signals on a plurality of channels 
(ch 1 to ch n). The multi-wavelength light sent from the 
sending station 10 is amplified by the one or more opti- 
cal amplification sections on the transmission path and 
transmitted to the receiving station 20. 

The transmitters (Tx) 11-1 to 11-n output their 
respective signals on signal light of mutually different 
wavelengths (the signal light wavelengths are XI to Xn, 
respectively. These signal light outputs are multiplexed 



by the wave optical multiplexer 12 and output to the 
transmission path 31a. That is to say, the sending sta- 
tion 10 outputs murti-wavelength light including the n 
wavelength components X1 to Xn as signal light. This 

5 multi-wavelength light is amplified by the optical ampli- 
fier 32 and transmitted to the receiving station 20. Multi- 
wavelength light that has been transmitted via the trans- 
mission path 31b is split into the wavelengths XI to Xn 
by the wave optical demultiplexer 21 and the wave- 

w length components are input to the respective receivers 
Rx 22-1 to 22 -n. Thus, in the transmission system of this 
embodiment, signal light that is sent from the respective 
transmitters 1 1 -1 to 1 1 -n is transmitted via a transmis- 
sion path as multi- wavelength light and received by the 

is respective receivers 22-1 to 22-n. 

The multi -wavelength light that is transmitted from 
the sending station 10 to the receiving station 20 is, for 
example, transmitted using the 1550nm band. In this 
case, the wavelengths X1 to Xn that carry the signals on 

20 channels ch 1 to ch n are, for example, chosen in the 
range 1530nm to 1560nm. 

Assuming that signal light in the 1550nm wave- 
length band is used, rare earth-doped optical fiber, for 
example, can be used as the optical amplification sec- 

25 tion 32. This rare earth -doped optical fiber is, for exam- 
ple, erbium-doped optical fiber into which erbium has 
been injected. The following explanation assumes that 
erbium-doped optical fiber is used as the rare earth- 
doped optical fiber. As is well-known among people in 

30 this industry, erbium-doped optical ffoer must be given 
pump energy by pump light that is supplied separately 
from the signal light to be amplified (the multi-wave- 
length light sent from the sending station 10 in Fig. 2), 
and the signal light passing through the erbium-doped 

35 optical fiber is amplified by that pump energy. 

The transmission system of this embodiment has a 
remote-controlled configuration. The light source that 
generates the pump light and the circuit that controls 
that light source are located away from the optical 

40 amplification section (the erbium-doped optical fiber)32. 
This light source and light source control circuit are not 
shown in Fig. 2, but, for example, can be installed within 
or near the sending station 10, or within or near the 
receiving station 20. 

45 Fig. 3 shows the wavelength characteristics of the 
optical gain of the erbium-doped optical fiber. Fig. 3 
shows the power distribution of light output when input 
light is amplified using an erbium-doped optical fiber; 
assuming that input light has constant power, this graph 

so essentially shows the optical gain of the erbium-doped 
optical fiber. The wavelength characteristics of the 
erbium-doped optical fiber are such that, in the signal 
transmission wavelength band (1530 to I560nm), when 
the excitation rate (the erbium inversion distribution 

55 rate) is high, the gain on the long wavelength side is 
small compared to the gain on the short wavelength 
side, while when the excitation rate is low, the gain on 
the short wavelength side is small compared to the gain 
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on the long wavelength side. That is to say, when the 
excitation rate of the erbium- doped optica! fiber is high, 
the slope of the gain as a function of wavelength is neg- 
ative; when the excitation rate is low, the slope of the 
gain as a function of wavelength is positive. 

The excitation rate of an erbium-doped optical fiber 
can be controlled by the pump light power. That is to 
say. when the power of the pump light supplied to the 
eibiumndoped optical fiber is large, the excitation rate 
becomes high, and the slope of the gain as a function of 
wavelength is negative. On the other hand, when the 
pump light power is small, the excitation rate drops, and 
the slope of the gain as a function of wavelength 
becomes positive. These relationships are shown in Fig. 
4. 

If the composition of the matter injected into the 
optical fiber is chosen appropriately, then, as shown by 
the dotted line in Fig. 3, the system can be configured 
so that the gain in the erbium<ioped optical fiber varies 
roughly linearly with the wavelength of the multi-wave- 
length light to be amplified. In other words, if erbium- 
doped optical fiber having such composition that the 
gain varies linearly with the wavelength of the multi- 
wavelength light is installed on the transmission path, 
then, as shown in Fig. 5A and Fig. 5B, the light level on 
each channel which is multiplexed on the multi-wave- 
length light can be expected to vary linearly with the 
wavelength. 

Considering this characteristic, if the light levels on 
any 2 arbitrary channels which are multiplexed on the 
multi-wavelength light can be made to agree, then it can 
be expected that the light levels on all of the channels 
will agree. In this case, if, among the channels which are 
multiplexed on the multi -wavelength light, the channel 
having the shortest wavelength and the channel having 
the longest wavelength are chosen and the light levels 
on those 2 channels are made to agree, then it can be 
expected that the deviation of light levels among the 
channels will be minimized. Thai is to say, as shown in 
Fig. 5A and Fig. 5B, if it is assumed that the shortest 
wavelength is assigned to ch 1 and the longest wave- 
length A/i is assigned to ch n, then, in order to equalize 
the light levels among the channels ch 1 to ch n, it is suf- 
ficient to detect the light levels on ch 1 and ch n and con- 
trol them so that they are brought into agreement. 

In the transmission system of this embodiment, the 
characteristic shown in Fig. 3 to Fig. 5 above is used. 
That is to say, the light levels on each of the channels 
which are multiplexed on the multi- wavelength light, 
amplified by erbium-doped optical fiber, are detected, 
and then the power of the pump light supplied to the 
erbium-doped optical fiber is varied in accordance with 
the results of that detection to adjust the wavelength 
characteristics (gain) of the erbium-doped optical fiber. 
This equalizes the light levels on all of the channels. The 
transmission system of this embodiment has a remote 
pump configuration, and the control of the pump light is 
applied at a position removed from where the erbium- 



doped optical fiber is installed. 

Fig. 6 is a configuration diagram of the transmission 
system of the 1st embodiment. The sending station 10. 
as was explained above with reference to Fig. 2, outputs 
5 multi-wavelength light as the signal light onto the trans- 
mission path. This multi-wavelength light carries signal 
light ch 1 to signal light ch n. Signal light ch 1 to signal 
light ch n consists of the signal light to which the wave- 
lengths A.1 to kn have been assigned, respectively. That 
io is to say, this multi-wavelength light includes the wave- 
length components signal light ch 1 to signal light ch n. 
The multi-wavelength light sent from the sending station 
10 is amplified by the erbium-doped optical fiber 
(referred to below as the ED F) 41 and transmitted to the 
is receiving station 20. 

Pump light is output from the light source (pump) 45 
and supplied to the EDF 41 . Its pump energy amplifies 
the multi-wavelength light (the signal light). The WDM 
coupler 42 has the function of synthesizing light of 
20 mutually different wavelengths. When the multi-wave- 
length light output by the sending station 10 and the 
pump light output from the light source 45 are incident 
on the WDM coupler 42, they are synthesized and out- 
put. Consequently, multi -wavelength light and pump 
25 light are input to the EDF 41 . 

The multi-wavelength light transmitted via the trans- 
mission paths 43a and 43b is split into its component 
wavelengths in the receiving station 20. The receiving 
station 20 will be explained with reference to Fig. 7. The 
30 multi-wavelength light is split into light of each compo- 
nent wavelength X1 to Xn by the wave optical demulti- 
plexer 21 and the separate components are input 
respectively into the receivers (Rx) 22-1 to 22-n. The 
light input into the receivers 22-1 to 22-n has compo- 
35 nents of wavelengths X1 to Xn. it is the signal light ch 1 
to the signal light ch n. Part of each of the signal light 
components ch 1 to ch n is split off by the respective 
branching couplers 46-1 to 46-n. Those branched por- 
tions of the signal light components ch 1 to ch n are 
40 input to the control circuit (contl) 44. When the control 
circuit 44 receives the branched portions of the signal 
light components ch 1 to ch n, the control circuit 44 con- 
trols the output power, of the light source 45 so as to 
equalize the light levels of ch 1 to ch n. The configura- 
45 tion and action of the control circuit 44 will be described 
in detail below. 

The pump light output from the light source 45 is 
supplied to the EDF 41 and puts it into the excited state. 
Here, the gain characteristics of the EDF 41 are control- 
50 led according to the power of the pump light as 
described above. The power of this pump light is 
adjusted to a level that equalizes the light levels on the 
respective channels which are multiplexed on the multi - 
wavelength light by the control circuit 44. Consequently. 
55 the multi-wavelength light transmitted via the transmis- 
sion paths 43a and 43b is amplified by the EDF 41 in 
such a way that the light levels on all of the channels are 
equalized at the time the light is received by the receiv- 
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ing station 20. 

As explained above, the transmission system 
shown in Fig. 6 comprises a feedback system. In this 
feedback system, the gain of the EDF 41 is controlled 
based on the wavelength characteristics of the multi- s 
wavelength light that is amplified by the EDF 41 . 

Thus, in the transmission system shown in Fig. 6, 
which transmits multi- wavelength light, the power of the 
remote pump light source that supplies pump light to the 
erbium-doped optical fiber is adjusted considering the 
light levels on each channel which are multiplexed on 
the multi -wavelength light, so that the deviation among 
light levels on each channel is minimized at the receiv- 
ing station. 

If, instead of using the remote pump system shown 
in Fig. 6, an optical amplifier into which the EDF 41 , the 
control circuit 44 and the light source 45 are incorpo- 
rated into one unit is used, then, even if the deviations of 
the light levels on the different channels are minimized 
at the time of output from that optical amplifier, when the 
signal is received by the receiving station 20 the wave- 
form will have been attenuated by transmission through 
the transmission path 43b so that the deviations among 
the light levels on the different channels will no longer 
necessarily be a minimum. In the remote pump configu- 
ration shown in Fig. 6, this problem has been corrected. 

Let us now explain the WDM coupler and the 
branching coupler. As shown in Fig. 8 A. the WDM cou- 
pler can synthesize light of different wavelengths. That 
is to say, in the system shown in Fig. 6. when the signal 
light (the multi-wavelength light) and the pump light are 
input into the WDM coupler, they are synthesized and 
output from a single output port. In addition, the WDM 
coupler, as shown in Fig. 8B, can split light that has 
been formed by synthesis of light of different wave- 
lengths into its component wavelengths. That is to say, 
when light that has been formed by synthesis of the sig- 
nal light (the multi-wavelength light) and the pump light 
is input into the WDM coupler, that input light is split into 
the signal light and the pump light, which are then out- 
put separately. 

The branching coupler, as shown in Fig. 8C, 
branches off a prescribed fraction of the input light. That 
is to say, when the signal light is input into the branching 
coupler, that signal light is branched and the branches 45 
are output separately; when pump light is input, that 
pump light is branched and the branches are output 
separately. In this case, the branching coupler functions 
as a beam splitter. When light is input to the branching 
coupler from 2 ports, as shown in Fig. 8D, the branches so 
are coupled and output together. 

Fig. 9 is a block diagram of the control circuit 44 
shown in Fig. 6. The photodiodes (PDs) 51-1 to 51 -n 
receive the signal light from ch 1 to ch n. respectively, 
and voltages corresponding to those light levels are out- 55 
put. That is to say, the outputs from the photodiodes 51 - 
1 to 51 -n are signals that indicate the light levels on the 
channels ch 1 to ch n respectively. The outputs from the 



photodiodes 51-1 to 51 -n are input to the analogue 
switches 52 and 53 as the light levels of the respective 
channels. In addition, the outputs from the photodiodes 
51-1 to 51-n are input to the comparators 54-1 to 54 -n. 

The comparators 54-1 to 54-n compare the light 
levels on the various channels to the threshold value 
Vth, and output the results of those comparisons on 
TTL level. These threshold values Vth are determined 
as follows. In the multi -wavelength transmission system, 
the signals are transmitted through specified channels; 
the light levels on the channels through which the sig- 
nals are transmitted are higher than the light levels on 
channels that are not transmitting signals. In Fig. 10, 
channels 2 to n are transmitting signals, but channel 1 is 
not. The threshold value Vth is set at such a level that it 
can be used to judge whether each channel is transmit- 
ting a signal or not. The comparators 54-1 to 54-n out- 
put "L M level when the received light level is larger than 
the threshold Vth. That is to say, the comparators 54-1 
to 54-n output "L" level when the corresponding chan- 
nels are transmitting signals. 

The output of the comparator 54-1 is input to the #1 
selection terminal of the analogue switch 52. When "L" 
level is input to the #1 selection terminal of the analogue 
switch 52. that is to say when the output of the compa- 
rator 54-1 is at "L" level, the analogue switch 52 outputs 
the voltage that is input to the #1 input terminal. That is 
to say. when channel 1 is transmitting a signal, the ana- 
logue switch 52 outputs the light level that is detected on 
channel 1 . On the other hand, when the output of the 
comparator 54-1 is at "IT level, that is to say when chan- 
nel 1 is not transmitting a signal, the analogue switch 52 
does not output the voltage that is applied to the #1 
input terminal. 

The logical product of the output of the comparator 
54-1 and the comparator 54-2 is input to the #2 selec- 
tion terminal of the analogue switch 52. Consequently, 
when the output of the comparator 54-1 is at "H" level 
and the output of the comparator 54-2 is at "L" level, "L" 
level is input to the #2 selection terminal of the analogue 
switch 52; the analogue switch 52 then outputs the volt- 
age that is applied to the #2 Input terminal. That is to 
say, when channel 1 is not transmitting a signal and 
channel 2 is transmitting a signal, the analogue switch 
52 outputs a signal related to the light level on channel 
2. 

Thus, the analogue switch 52 outputs a signal that 
indicates the light level on the channel that has the 
shortest wavelength among the channels that are trans- 
mitting signals. Similarly, the analogue switch 53 out- 
puts a signal that indicates the light level on the channel 
that has the longest wavelength among the channels 
that are transmitting signals. Consequently, as shown, 
for example, in Fig. 10. when there is no signal being 
transmitted on channel 1 but signals are being transmit- 
ted on channels 2 to n, the analogue switch 52 outputs 
a signal that indicates the light level on channel 2, and 
the analogue switch 53 outputs a signal that indicates 
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the light level on channel n. The outputs of the analogue 
switches 52 and 53 are input to the subtracter 55. 

The subtracter 55 is, for example, an operational 
amplifier. The subtracter 55 forms part of the feedback 
system described above. It acts to make the difference 
between the output of the analogue switch 52 and the 
output of the analogue switch 53 "0". The amplifier 56 
amplifies the output of the subtracter 55. The pump light 
source drive circuit 57 includes, for example, a power 
transistor; it passes a current corresponding to the out- 
put of the amplifier 56 and drives the light source 45. 
The light source 45 includes, for example, a laser diode; 
it outputs light of power corresponding to the current 
supplied from the pump light source drive circuit 57 as 
the pump light. 

Thus, the control circuit 44 controls the power of the 
light emitted by the light source 45 to bring the light lev- 
els on the channel having the shortest wavelength and 
the channel having the longest wavelength, among 
channels that are transmitting signals, into agreement. 

Fig. 6 and Fig. 7 show a configuration in which com- 
ponents of signal light branched by the optical demulti- 
plexer 21 are input to the control circuit 44; but it is also 
possible to have a configuration in which part of the 
multi-wavelength light before splitting by the optical 
demultiplexer 21 is input to the control circuit 44. and the 
control circuit 44 extracts the wavelength component of 
each channel. 

Fig. 11 is a configuration diagram of the transmis- 
sion system of the 2nd embodiment. In the system of 
the 1st embodiment shown in Fig. 6, there was one 
erbium-doped optical fiber (EDF 41) on the transmis- 
sion path between the sending station 10 and the 
receiving station 20; in the system of the 2nd embodi- 
ment, there are 2 erbium - doped optical fibers (EDF 41 
and 47). In the system of the 2nd embodiment pump 
light produced by the light source 45 is branched using 
the branching coupler 48; the branches of the pump 
light are fed to EDF 41 and EDF 47, respectively. When 
pump light is fed to EDF 47, the multi-wavelength light 
and the pump light are synthesized using the WDM cou- 
pler 49. 

Thus, in the system of the 2nd embodiment, the 
gains of a plurality of erbium - doped optical fibers are 
adjusted simultaneously. 

Fig. 12 is a configuration diagram of the transmis- 
sion system of the 3rd embodiment. In the system of the 
3rd embodiment, the optical preamplifier 61 is added to 
the system of the 2nd embodiment. The optical pream- 
plifier 61 is. for example, an optical amplifier that 
includes an erbium-doped optical fiber and a laser light 
source; it amplifies multi -wavelength light that is trans- 
mitted via the transmission path 43b. The gain of the 
optical preamplifier 61 is controlled by the control circuit 
44. Thus, in the system of the 3rd embodiment, after the 
deviations among the light levels on the channels which 
are multiplexed on the multi -wavelength light is multi- 
plexed have been adjusted, the level deviations are cor- 



rected again within the receiving station 20. 

The configuration of the 3rd embodiment provides 
the following advantages. In a remote pump configura- 
tion, until the pump light is transmitted to the EDF 41 or 
5 the EDF 47, attenuation occurs on that transmission 
path, so it is necessary to increase the power of the 
pump light that is emitted to or above a certain level. 
Meanwhile, in order to increase the power of the pump 
light that is emitted, it becomes necessary to use a large 
io electrical current to drive the light source, but as a prac- 
tical matter there is a limit as to how much the power of 
the pump light that is emitted can be increased. For this 
reason, as a practical matter it is not easy to increase 
the dynamic range of the light emission power of the 
75 pump light. Here, the gain of the erbium-doped optical 
fiber is controlled by the power of the pump light input to 
it so if the dynamic range of the power of the pump light 
is narrow, it will not be possible to adequately adjust the 
deviations among the light levels on the different chan- 
20 nels. The system of the 3rd embodiment corrects this 
problem. Specifically, by installing an optical preampli- 
fier in the receiving station, a large dynamic range is 
obtained with small power consumption, and it becomes 
possible to efficiently adjust the deviations of the light 
25 levels among the different channels. 

Fig. 13 is a configuration diagram of the transmis- 
sion system of the 4th embodiment. In the system of the 
4th embodiment, pump light is supplied from the receiv- 
ing station 20 to the erbium -doped optical fiber (EDF 
30 41) installed on the receiving station 20 side, and pump 
light is supplied from the sending station 10 to the 
erbium-doped optical fiber (EDF 47) installed on the 
sending station 10 side. The pump light supplied to EDF 
47 is generated by the light source 71 installed in the 
35 sending station 1 0. The light source 71 can be driven by 
a fixed electrical current or it can be driven by ALC 
(Automatic Level Control). The gain of EDF 41 is con- 
trolled in the same manner as in the system of the 1st 
embodiment shown in Fig. 6. 
40 In the configuration described above, compared to 
the system of the 2nd embodiment shown in Fig. 1 1 . the 
power consumed in generating the pump light can be 
decreased. That is to say, in the system of the 2nd 
embodiment, it was necessary to transmit pump light 
45 generated by the light source 45 to EDF 47, but in the 
system of the 4th embodiment it is necessary to use 
only enough power to excite EDF 41. In addition, the 
transmission distance from the light source 71 to EDF 
47 is less than the transmission distance from the light 
so source 45 to EDF 47, so it is not necessary to greatly 
increase the light emitting power of the light source 71 . 

Fig. 14 is a configuration diagram of the transmis- 
sion system of the 5th embodiment, in the system of the 
5th embodiment, the number of channels, among the 
55 channels which are multiplexed on the multi-wavelength 
light is multiplexed, on which signals are being transmit- 
ted (the number of multiplexed wavelengths) is 
detected, and the pump light is controlled according to 
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that number of channels. 

In general, when multi-wavelength light is amplified 
using an optical fber amplifier, the greater the number 
of channels, among the channels which are multplexed 
on the multi -wavelength light, on which signals are 5 
being transmitted, the greater the amount of pump 
energy that is necessary. In addition, in an optical ampli- 
fier in a transmission system, the gain of that optical 
amplifier must be appropriately controlled. That is to 
say, if the gain is too small, the signal light will not be w 
transmitted to the receiver, while if the gain is too large, 
noise will be increased by nonlinear effects in the trans- 
mission path. Consequently, in a system in which multi- 
wavelength light is transmitted using a optical fiber 
amplifier, it is desirable to adjust the pump light that is ts 
supplied to the optical fiber amplifiers in accordance 
with the number of channels on which signals are being 
transmitted. 

In the transmission system of the 5th embocfiment, 
this is considered in controlling the pump light supplied 20 
to the erbium-doped optical f toer. That is to say, the con- 
trol circuit (cont2) 72 detects the number of channels on 
which signals are being transmitted, and adjusts the 
power of the light emitted by the light source 71 in 
accordance with that number of channels. 25 

The branching couplers 73-1 to 73-n branch the 
signal light (the signal light on ch 1 to ch n) that is output 
from the transmitters 11-1 to 11 -a respectively, and 
feeds the branched signal light to the control circuit 72. 
That is to say, part of each component of the signal light 30 
(the signal light on ch 1 to ch n) before synthesis by the 
optical multiplexer (the optical multiplexer 12 shown in 
Fig. 2) is fed to the control circuit 72. Consequently, the 
control circuit 72 can detect the output levels of the 
transmitters 1 1 -1 to 1 1 -n. 35 

Fig. 15 is a configuration diagram of the control cir- 
cuit 72 shown in Fig. 14. Light branched from the light 
output from each of the transmitters 11-1 to 11-n is 
received by the photodiodes (PDs) 81-1 to 81 -n, 
respectively. The photodiodes 81-1 to 81 -n output volt- 40 
ages corresponding to the respective received light lev- 
els. That is to say, the photodiodes 81-1 to 81 -n detect 
the light levels of outputs from transmitters 11-1 to 1 1 -n, 
respectively. The outputs from the photodiodes 81-1 to 
81 -n are input to the comparators 82-1 to 82-n, respec- 45 
tively. 

The comparators 82-1 to 82-n compare the voltage 
levels received from the photodiodes 81-1 to 81 -n, 
respectively, to a preset threshold value Vth. This 
threshold value Vth is for the purpose of judging so 
whether or not the light includes a signal. That is to say, 
as was discussed with reference to Fig. 1 0, the light lev- 
els on channels that are transmitting signals are larger 
than the light levels on channels that are not transmit- 
ting signals, so by setting this threshold value Vth so as 55 
to permit judgment of this level difference, rt can be 
judged whether or not each of the channels is transmit- 
ting a signal. Each of the comparators 82-1 to 82-n out- 



puts "H" level when the corresponding channel is 
transmitting a signal. M L" level when the corresponding 
channel is not transmitting a signal. 

The analogue switch 83 receives the output signals 
from the comparators 82-1 to 82-n. Then the number of 
signals that are at "H" level is counted to determine the 
number of channels on which signals are being trans- 
mitted. The analogue switch 83 has n voltage setting 
terminals. The voltages V1 to Vn are applied to these 
voltage setting terminals, respectively. The analogue 
switch 83 outputs a voltage applied to one of the voltage 
setting terminals corresponding to the number of chan- 
nels. For example, if m channels are transmitting sig- 
nals, the voltage Vm is output. The voltages Vi (i * 1 , 2, 
n) correspond to the amount of pump light power. 

The output from the analogue switch 83 is amplified 
by the amplifier 84 and input to the pump light source 
drive circuit 85. The pump light source drive circuit 85 
includes, for example, a power transistor, and conducts 
a current corresponding to the output of the amplifier 84 
to drive the light source 71 . Then the light source 71 out- 
puts light of a power corresponding to the current sup- 
plied by the pump light source drive circuit 85 as the 
pump light. 

Thus, the control circuit 72 controls the power of the 
light emitted by the light source 71 to correspond to the 
number of channels that are transmitting signals. 

Fig. 16 is a configuration diagram of the transmis- 
sion system of the 6th embodiment. In the system of the 
5th embodiment shown in Fig. 14, one erbium-doped 
optical ttoer (EDF 47) is installed on the transmission 
path between the sending station 10 and the receiving 
station 20, but in the system of the 6th embodiment, 
there are two erbium - doped optical fibers (EDF 41 and 
EDF 47). In the system of the 6th embodiment, the 
pump light generated by the light source 71 is branched 
using the branching coupler 91, and the resulting 
branches of the pump light are fed to EDF 41 and EDF 
47, respectively. Thus, in the system of the 6th embodi- 
ment, the gains of a plurality of erbium-doped optical fib- 
ers are adjusted simultaneously. 

Fig. 17 is a configuration diagram of the transmis- 
sion system of the 7th embodiment. The system of the 
7th embodiment is a combination of the 1 st embodiment 
shown in Fig. 6 and the 5th embodiment shown in Fig. 
14. That is to say. pump light that is adjusted to corre- 
spond to the number of channels on which signals are 
being transmitted is fed to EDF 47 installed on the send- 
ing station side, and pump light that is adjusted to mini- 
mize the deviations of the light levels among the 
channels is fed to EDF 47 installed on the receiving sta- 
tion side. 

Rg. 18 is a configuration diagram of the transmis- 
sion system of the 8th embodiment. The system of the 
8th embodiment is a variation of the system of the 7th 
embodiment shown in Fig. 17. That is to say, in the 
transmission system of the 8th embodiment, the trans- 
mission paths of the multi-wavelength light (the signal 
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light) and the pump light are separated, and a bidirec- 
tional pump configuration is adopted. 

The pump light that is output from the light source 
71 is branched by the branching coupler 91 and fed to 
EDF 41 and EDF 47 as forward pump light. At this time, 
if part of the pump light fed to EDF 47 Irom the light 
source 71 passes through EDF 47 without being con- 
sumed in it, then, as shown in Fig. 19, the pump light 
that has passed through EDF 47 (the residual pump 
light) is split from the multi -wavelength light by the WDM 
coupler 92 and fed to the transmission path 93b. The 
pump light split off by the WDM coupler 92 is transmit- 
ted on transmission path 93b and led to EDF 41. Con- 
sequently, only the multi-wavelength light is fed to 
transmission path 43c. 

Meanwhile, the pump light output from the light 
source 45 is fed to EDF 41 and EDF 47, similarly to the 
pump light output from the light source 71 . However, 
whereas the pump light output from the light source 71 
is supplied as forward pump light, the pump light output 
from the light source 45 is supplied as backward pump 
light. 

In the configuration described above, the residual 
pump light that passes through the 1st erbium-doped 
optical fiber without being consumed can be used as 
pump light by the 2nd erbium-doped optical fiber, 
increasing the efficiency of use of the pump light. 

In addition, in the configuration described above, 
the proportions of pump light supplied by the light 
source 45 and the light source 71 can be predeter- 
mined. For example, in the case of a system in which 
the minimum number of channels being used is deter- 
mined to be "m", the power of the light emitted by the 
light source 45 is set so that the multi -wavelength light 
consisting of multiplexed signaJs from m channels can 
be amplified to a specified level by only the pump light 
from the light source 45. Then, when the number of mul- 
tiplexed channels being used increases, the light source 
71 is set to emit enough pump light to correspond to the 
added channels. 

The following is the reason why the transmission 
path of the multi -wavelength light between EDF 41 and 
EDF 47 (the transmission path 43c) is separated from 
the transmission path of the pump light (the transmis- 
sion path 93b). 

If an attempt is made to increase the efficiency of 
use of the pump light as described above, without sep- 
arating the transmission path of the multi -wavelength 
light from the transmission path of the pump light, then, 
in the system shown in Fig. 18, the WDM couplers 42 
and 92 and the transmission path 93b are eliminated. In 
this kind ol configuration, the residual pump light that 
has been output from the light source 71 and passed 
through EDF 47 is fee to EDF 41 via the transmission 
path 43c. Similarly, the residual pump light that has 
been output from the light source 45 and passed 
through EDF 41 is fed to EDF 47 via the transmission 
path 43c. 



However, in a light transmission system, optical iso- 
lators are sometimes installed before and after the opti- 
cal amplifiers for the purpose of preventing reflections. 
Fig. 19 shows an example in which the optical isolators 

s 101a and 101b are installed before and after EDF 47. 
When optical isolators are installed in this manner, the 
residual pump light that has been output from the light 
source 45 and been transmitted via the transmission 
path 43c is cut off by the optical isolator 101b, and is not 

w supplied to EDF 47. The reason for separating trie 
transmission path used for the multi- wavelength light 
from the transmission path used for the pump light 
between EDF 41 and EDF 47 is to permit pump to take 
place in both directions while preventing reflections. 

/5 When the transmission path used for the multi-wave- 
length light is separated from the transmission path 
used for the pump light, particularly in a system that has 
three or more optical amplifiers, it becomes easy to con- 
trol the pump light for each optical amplifier. 

20 Fig. 20 is a configuration diagram of the transmis- 
sion system of the 9th embodiment. The system of the 
9th embodiment assumes that the configuration is such 
that the multi-wavelength light as the signal light is 
transmitted between a local station and a remote station 

25 in both directions. Here, the transmission path from the 
local station to the remote station is called the 
"upstream transmission path", and the transmission 
path from the remote station to the local station is called 
the "downstream transmission path". 

$o In the transmission system of the 9th embodiment, 
part of the multi-wavelength light that is output from the 
local station and amplified by an erbium-doped optical 
fiber (EDF 131) is fed to the downstream transmission 
path that transmits multi -wavelength light from the 

35 remote station to the local station; part of this amplified 
multi-wavelength light is received by the local station. 
Then the local station adjusts the power of the pump 
light that is supplied to the erbium-doped optical fiber 
(EDF 131) that is installed on the upstream transmis- 

40 si on path so as to minimize the deviations among the 
light levels on the channels which are multiplexed on the 
multi-wavelength light that has been output from the 
local station and then amplified by the EDF 1 31 . In addi- 
tion, the power of the pump light that is supplied to the 

45 erbium-doped optical fiber (EDF 132) that is installed on 
the downstream transmission path is similarly adjusted. 

The details of this process will now be explained. 
Here we explain the upstream transmission path. The 
multi-wavelength light that is output from the local sta- 

50 tion will be called the "multi -wavelength light (FL)", and 
the multi -wavelength light that is output from the remote 
station will be called the "multi-wavelength light (FR)". 

The multi -wavelength light (FL) that is output from 
the local station 1 10 is amplified by EDF 131 and trans- 

55 mitted to the remote station 120. Pump light generated 
by the light source 1 1 1 installed in the remote station 
110 is supplied to EDF 131. The multi -wavelength light 
(FL) that is amplified by EDF 131 is branched by the 
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branching coupler 133; the portion of the multi-wave- 
length light (FL) that is branched off is fed to the branch- 
ing coupler 134 that is installed on the downstream 
transmission path. The branching coupler 134 synthe- 
sizes the multi-wavelength light (FR) output from the 5 
remote station 120 and the multi-wavelength light (FL) 
branched off by the branching coupler 133 and feeds 
the synthesized light to the downstream transmission 
path. Consequently, the local station 1 10 receives multi- 
wavelength light that is a synthesis of the multi-wave- ro 
length light (FR) and the multi-wavelength light (FL). 

When the local station 1 10 receives the multi-wave- 
length light that is a synthesis of the multi -wavelength 
light (FR) and the multi -wavelength light (FL), that multi- 
wavelength light is split into its component wavelengths is 
using a optical demultiplexer as was explained with ref- 
erence to Fig. 7. Then each wavelength component of 
the signal light is branched by its respective branching 
coupler and the branched-off light is fed to the control 
circuit (cont3) 112. The action of the control circuit 1 12 20 
is basically the same as that of the control circuit 44. 
That is to say, the power of the light emitted by the light 
source 1 1 1 is adjusted so as to minimize the deviations 
among the light levels on the channels which are multi- 
plexed on the received multi-wavelength light. 2s 

The wavelengths of the channels used for the 
upstream transmission path and the downstream trans- 
mission path can be different from one another. That is 
to say, among the wavelengths X1 to Xn that are used as 
the multi-wavelength light, the wavelengths M , 3i3. X5, 30 

might, for example be used for the multi -wavelength 

light (FL) transmitted via the upstream transmission 

path, while the wavelengths X2, X4, \S , are used for 

the multi-wavelength light (FR) transmitted via the 
downstream transmission path. In this configuration, 35 
when the multi -wavelength light that is a synthesis of the 
multi-wavelength light (FL) and the multi-wavelength 
light (FR) is input to the local station 1 10, it is possible 
for only the signal light containing the wavelengths X1 , 

^3, X5 to be extracted from that multi -wavelength 40 

light and fed to the control circuit 1 12. That is to say, it is 
possible for only the signal light corresponding to the 
channels which are multiplexed on the multi -wavelength 
light (FL) to be input to the control circuit 112. In this 
case, the control circuit 112 adjusts the power of the 45 
light emitted from the light source 111 so as to equalize 
the channels which are multiplexed on the multi-wave- 
length light (FL) without being affected by the multi- 
wavelength light (FR) that is output from the remote sta- 
tion 120. 50 

Fig. 21 is a configuration diagram of the transmis- 
sion system of the 10th embodiment. In the system of 
the 10th embodiment, part of the multi-wavelength light 
that is output from the sending station and amplified by 
the optical amplifier is sent back to the sending station. 55 
and the pump light power is adjusted based on analysis 
of the multi-wavelength light that is received. 

The multi-wavelength light that is output from the 



sending station 10 is amplified by EDF 47 and transmit- 
ted to the receiving station 20. Pump light generated by 
the light source 71 installed in the sending station 10 is 
supplied to EDF 47. The multi-wavelength light that has 
been amplified by EDF 47 is branched by the branching 
coupler 142; one portion of that branched multi-wave- 
length light is guided by the WDM coupler 143 and sent 
back to the sending station 10. The path via which part 
of the multi-wavelength light is sent back to the sending 
station 10 can, as shown in Fig. 21 , be the same as the 
transmission path used to supply pump light, or a sepa- 
rate transmission path can be installed for the purpose. 

The multi-wavelength light that is sent back to the 
sending station 10 is guided to the control circuit (corrt4) 
141 by the branching coupler 144. The control circuit 
141 has the same function as the optical demultiplexer 
shown in Fig. 2 and Fig. 7; signal light corresponding to 
each channel is extracted by splitting the received multi- 
wavelength light into its wavelength components. Then 
the control circuit 141 adjusts the power of the light 
emitted by the light source 71 to minimize the deviations 
among the light levels on the plurality of channels which 
are multiplexed on that multi -wavelength light. 

Fig. 22 is a configuration diagram of the transmis- 
sion system of the 1 1th embodiment. As in the system 
of the 10th embodiment part of the multi- wavelength 
light that has been output from the sending station and 
amplified by the optical amplifier is sent back to the 
receiving station, and the pump light power is adjusted 
based on analysis of the multi-wavelength light that is 
received there. However, whereas in the system of the 
10th embodiment multi- wavelength light is sent back to 
the sending station via the same transmission path by 
which pump light is supplied, in the system of the 1 1th 
embodiment part of that multi -wavelength light is sent 
back to the sending station via the transmission path 
along which multi-wavelength light is transmitted to the 
receiving station. 

The multi-wavelength light that is output from the 
sending station 10 passes through the light circulator 
151, then is amplified by EDF 47 and transmitted to the 
receiving station 20. Pump light generated by the light 
source 71 installed in the sending station 10 is supplied 
to EDF 47 The murti -wavelength light that has been 
amplified by EDF 47 is branched by the branching cou- 
pler 142, then a portion of that branched multi-wave- 
length light is guided to the transmission path 43a by the 
optical circulator 151. This mutti-wavelength light is 
transmitted via the transmission path 43a and input to 
the sending station 1 0. 

The multi -wavelength light that is sent back to the 
sending station 10 is split into the signal light corre- 
sponding to each channel by being passed through the 
optical multiplexer 12 in the reverse direction. Then that 
signal light corresponding to each channel is input to the 
branching couplers 152-1 to 152-n. respectively, and 
guided to the control circuit 1 12. The control circuit 112 
adjusts the power of the light emitted by the light source 
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71 so as to minimize the deviations among the light lev- 
els on the different channels. 

Fig. 23 is a configuration diagram of the transmis- 
sion system of the 1 2th embodiment. The system of the 
12th embodiment adjusts the deviations of the light lev- 
els on the different channels which are multiplexed on 
that multi-wavelength Tight based on the power of the 
residual pump light that has passed through an erbium- 
doped optical fiber that amplifies multi -wavelength light. 
If the length of the transmission path and the gain char- 
acteristics of the erbium-doped optical fiber that ampli- 
fies multi-wavelength light are known, then the 
deviations of the light levels on the plurality of channels 
which are multiplexed on the multi -wavelength light can 
be estimated based on the power of the pump light that 
is supplied to that erbium-doped optical liber and the 
power of the residual pump light that has passed 
through that erbium-doped optical fiber without being 
consumed. The transmission system of the 12th 
embodiment uses this characteristic. 

The multi-wavelength light that is output from the 
sending station 10 is amplified by EDF 47 and transmit- 
ted to the receiving station 20. Pump light generated by 
the light source 71 installed in the sending station 10 is 
supplied to EDF 47. Residual pump light that has 
passed through EDF 47 is split from the multi-wave- 
length light by the WDM coupler 161. This residual 
pump light is guided to the sending station 10 by the 
branching coupler 162. 

Residual pump light that has been sent back to the 
sending station 1 0 is guided to the control circuit (contS) 
164 by the branching coupler 163. The control circuit 
164 estimates the deviations among the light levels on 
the plurality of channels which are multiplexed on the 
multi-wavelength light based on the power of this resid- 
ual pump light and the light emitted by the light source 
71 , and adjusts the power of the light emitted by the light 
source 71 to minimize the deviations among the light 
levels on those channels in accordance with the result 
of that estimate. 

Fig. 24 is a configuration diagram of a variation of 
the transmission system of the 1 2th embodiment. In the 
system shown in Fig. 24, the positions in which the 
WDM couplers 49 and 143 are installed are different 
from their positions in the transmission system of the 
12th embodiment. 

Fig. 25 is a configuration diagram of the transmis- 
sion system of the 13th embodiment. Like the system of 
the 12th embodiment, the system of the 13th embodi- 
ment adjusts the deviations among the light levels on 
the plurality of channels which are multiplexed on the 
mufti-wavelength light based on the power of the resid- 
ual pump light that has passed through the erbium- 
doped optical fiber that amplifies that multi -wavelength 
light. However, whereas in the system of the 12th 
embodiment it is the pump light that is generated on the 
sending station side that is adjusted, in the system of 
the 13th embodiment it is the pump light that is gener- 



ated on the receiving station side that is adjusted. 

The multi-wavelength light that is output from the 
sending station 10 is amplified by EDF 41 and transmit- 
ted to the receiving station 20. Pump light generated by 
5 the light source 45 installed in the receiving station 20 is 
supplied to EDF 41. The residual pump light that has 
passed through EDF 41 is split from the mufti-wave- 
length light by the WDM coupler 171 and guided to the 
control circuit (cont6) 172. The action of the control cir- 
w cuit 1 72 is basically the same as that of the control cir- 
cuit 164 shown in Fig. 23. The deviations among the 
light levels on the plurality of channels which are multi- 
plexed on the multi-wavelength light are estimated 
based on the power of the residual pump light that is 
15 received and the light emitted by the light source 45. 
Then the power of the light source 45 is adjusted to min- 
imize the deviations among the light levels on the vari- 
ous channels based on the results of those estimates. 
Fig. 26 is a configuration diagram of the transmis- 
20 si on system of the 1 4th embodiment. The system of the 
14th embodiment, like the system of the 12th embodi- 
ment, adjusts the deviations among the light levels on 
the plurality of channels which are multiplexed on the 
multi -wavelength light based on the power of the resid- 
es ual pump light that has passed through the erbium- 
doped optical fiber that amplifies that multi-wavelength 
light. However, whereas in the system of the 12th 
embodiment the residual pump light is sent back to the 
sending station using a WDM coupler, in the system of 
30 the 1 4th embodiment a reflection device is used to send 
the residual pump light back to the sending station. 

The multi-wavelength light that is output from the 
sending station 10 is amplified by EDF 47, then trans- 
mitted to the receiving station 20 through the reflection 
35 device 181 . Pump light generated by the light source 71 
that is installed in the sending station 10 is supplied to 
EDF 47. 

The reflecting device 181 consists of, for example, a 
fiber grating; rt reflects only the wavelength of the pump 

40 light (in this example, 1480nm) and passes other wave- 
length components. Consequently, the multi-wave- 
length light that is output from the sending station 10 
passes through this reflecting device 181 , but the resid- 
ual pump light that has passed through EDF 47 is 

45 reflected by this reflecting device 181. The residual 
pump light that is reflected is guided to the control circuit 
164 by the WDM coupler 49 and the branching coupler 
163. As explained above, the control circuit 164 esti- 
mates the deviations among the light levels on the plu- 

50 rality of channels which are multiplexed on the multi - 
wavelength light based on the power of the received 
residual pump light and of the light that is emitted by the 
light source 45. and adjusts the power of the light emit- 
ted by the light source 45 so as to minimize the devia- 

55 tions among the light levels on those channels in 
accordance with the results of those estimates. 

Methods of supplying pump light to an erbium- 
doped optical fiber include the forward pump method in 
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which the pump light is supplied in the same direction as 
the direction in which the signal light is transmitted and 
the backward pump method in which the pump light is 
supplied in the opposite direction to the direction in 
which the signal light is transmitted. This invention is not 
limited to either of these directions in any of the embod- 
iments. 

When pump light is supplied to an erbium -doped 
optical fiber, in many embodiments, a WDM coupler 
installed immediately before or immediately after the 
erbium-doped optical fiber is used to merge the pump 
light onto the same transmission path that is used for 
the signal light, but it is also possible to synthesize the 
signal light and the pump light into one optical ftoer in 
the sending station or the receiving station and then 
transmit the synthesized light to the erbium - doped opti- 
cal fiber. When the signal light and the pump light are 
synthesized and then the synthesized light is transmit- 
ted, it is possible that the noise will become large, but 
this method is less expensive because a separate trans- 
mission path to transmit the pump light is not necessary. 

In the examples shown by the various embodi- 
ments described above, the light source that generates 
the pump light and the circuit that controls that pump 
light are installed within the sending station or the 
receiving station, but this light source and control circuit 
could also be installed outside of the sending station or 
the receiving station. However, even if the light source 
and the control circuit are installed outside of the send- 
ing station or the receiving station, considering conven- 
ience of maintenance it is desirable for them to be 
installed near the sending station or the receiving sta- 
tion. 

In the various embodiments described above, an 
erbium-doped optical fiber is used to amplify the mutti- 
waveiength light, but this invention can use a wide vari- 
ety of optical fiber amplifiers including rare earth -doped 
optical fibers. In addition, the amplifiers used in this 
invention need not even be limited to optical fiber ampli- 
fiers. A wide variety of optical amplifiers of which the 
gain can be remotely controlled, for example semicon- 
ductor optical amplifiers, can also be used. 

Also, in the various embodiments described above, 
the gain of an erbium-doped optical fiber is controlled by 
controlling the power of the pump light, but it is also pos- 
sible to control the gain of an erbium-doped optical fiber 
by adjusting the light level of the signal light that is 
amplified by that erbium-doped optical fiber. In this 
case, a light level controller (for example, an optical 
attenuator) is installed immediately before the erbium- 
doped optical fiber; that light level controller is remotely 
controlled. 

Further, in the various embodiments described 
above, the light levels on the various channels are 
equalized, but it is also possible for the light levels on 
the various channels to be made to have a specified 
characteristics. For example, it is possible to amplify the 
light so that the light level of the amplified light increases 
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as the wavelength becomes longer. 

According to this invention, in a system which is a 
system that transmits multi-wavelength light and is con- 
figured so that the optical amplification unit that ampli- 
fies that multi-wavelength light is remotely controlled, 
the results of analysis of that multi-wavelength light are 
used to adjust the pump light that is supplied to the opti- 
cal amplification unit, so it is posstole to minimize the 
deviations among the levels on the plurality of channels 
which are multiplexed on that multi-wavelength light. In 
addition, in the system that is configured so that the 
optical amplification unit is remotely controlled, the 
pump light that is supplied to that optical amplification 
unit is adjusted corresponding to the number of multi- 
plexed channels, so that the multi-wavelength light 
noise can be suppressed. 



Claims 



20 1. 



25 



A multi-wavelength light transmission system, in 
which at least one optical amplification unit (41) is 
installed on a transmission path through which 
murti-wavelength light is transmitted between a 
sending station (10) and a receiving station (20). 
comprising: 

a light source (45), installed within or near the 
receiving station, to generate pump light that is 
supplied to the at least one optical amplif ication 
unit; and 

a control circuit (44), installed within or near the 
receiving station, to adjust an output power of 
said light source in order to adjust light levels 
on a plurality of channels which are multiplexed 
on the mutti-wavelength light. 

The multi-wavelength light transmission system 
according to claim 1 , further comprising: 

splitting means (21), installed within or near the 
receiving station, for splitting the murti-wave- 
length light into a plurality of lights correspond- 
ing to the plurality of channels, wherein 
said control circuit adjusts the power of a light 
emitted by said light source to equalize the light 
levels of the plurality of lights split by said split- 
ting means. 

The multi-wavelength light transmission system 
according to claim 1 , wherein: 

pump light generated by said light source is 
supplied to an optical amplification unit among 
the at least one optical amplification unit that is 
installed closest to the receiving station. 



The multi-wavelength light transmission 
according to claim 1 , further comprising: 



system 
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an optical amplifier (61) within or near the 
receiving station for amplifying the multi-wave- 
length light that has been transmitted via the 
transmission path, wherein 

said control circuit adjusts the wavelength char- 5 
acteristics of the multi-wavelength light by con- 
trolling the amplification action of said optical 
amplifier. 

A multi -wavelength light transmission system, in io 
which a plurality of optical amplification units (41, 
47) are installed on a transmission path that trans- 
mits multi-wavelength light between a sending sta- 
tion (10) and a receiving station (20). comprising: 

15 

a first light source (71), installed within or near 
the sending station, to generate pump light; 
a second light source (45), installed within or 
near the receiving station, to generate pump 
light; and 20 
a control circuit (44), installed within or near the 
receiving station, to adjust the power of a light 
emitted by said second light source for adjust- 
ing light levels on a plurality of channels which 
are multiplexed on the multi-wavelength light, 25 
wherein 

the pump light generated by said first and sec- 
ond light sources is used to excite at least one 
of the plurality of optical amplifier units. 

30 

The multi-wavelength light transmission system 
according to claim 5, wherein; 

pump light generated by said first light source 
is used as the pump light for forward direction 35 
pump, and pump light generated by said sec- 
ond light source is used as the pump light for 
backward direction pump. 

A multi -wavelength light transmission system, in 40 
which an optical amplification unit (47) is installed 
on the transmission path through which multi-wave- 
length light is transmitted between a sending sta- 
tion (10) and a receiving station (20), comprising: 

45 

a light source (71), installed within the sending 
station or the receiving station or near the 
sending station or the receiving station; 
detecting means (72) for detecting the number 
of multiplexed wavelengths in the multi- wave- so 
length tight; and 

a control circuit (72) to adjust the power of the 
light emitted by said light source corresponding 
to the number of multiplexed wavelengths 
detected by said detecting means. 55 

The multi-wavelength light transmission system 
according to claim 7, wherein: 



said detecting means detects the number of 
channels among a plurality of channels which 
are multiplexed on the multi -wavelength light 
on which signals are being transmitted as the 
number of multiplex wavelength. 

9. A multi-wavelength light transmission system, in 
which a plurality of optical amplification units (41, 
47) are installed on a transmission path that trans- 
mits multi -wavelength light between a sending sta- 
tion (10) and a receiving station (20), comprising: 

a first light source (71), installed within or near 
the sending station, to generate pump light; 
detecting means (72) for detecting the number 
of multiplexed wavelengths in the multi- wave- 
length light; 

a first control circuit (72) to adjust the power of 
the light emitted by said first light source corre- 
sponding to the number of multiplexed wave- 
lengths detected by said detecting means; 
a second light source (45), installed within or 
near the receiving station, to generate pump 
light; and 

a second control circuit (44) to adjust the power 
of the light emitted by said second light source 
for adjusting light levels on a plurality of chan- 
nels which are multiplexed on the multi-wave- 
length light, wherein 

the pump light generated by said first and sec- 
ond light sources excites at least one of the plu- 
rality of optical amplification units. 

10. The multi -wavelength light transmission system 
according to claim 9, wherein 

said second light source generates pump light 
corresponding to a specified number ot multi- 
plexed wavelengths, and said first control cir- 
cuit adjusts the power of the light emitted by 
said first light source when the number of mul- 
tiplexed wavelengths changes. 

11. A multi- wavelength light transmission system, in 
which first and second optical amplification units 
(41, 47) are installed on a transmission path 
through which multi- wavelength light is transmitted 
between a sending station (10) and a receiving sta- 
tion (20), the first optical amplification unit (47) 
being installed closer to the sending station than 
the second optical amplification unit (41), compris- 
ing: 

a first light source (71). installed within or near 
the sending station, to generate pump light 
which is supplied to the first optical amplifica- 
tion unit in the forward direction; 
a second light source (45), installed within or 
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near the receiving station, to generate pump 
light which is supplied to the second optical 
amplification unit in the backward direction; 
a transmission path (93b) to transmit pump 
light between the first and second optical s 
amplification units. 

12. A multi-wavelength light transmission system, in 
which a first transmission path that transmits multi- 
wavelength light from a first communication station io 
(1 10) to a second communication station (120) and 

a second transmission path that transmits multi- 
wavelength light from the second communication 
station to the first communication station are 
installed, and an optical amplification unit (131) is 15 
installed at least on the first transmission path, 
comprising: 

a light source (1 1 1), installed within or near the 
first communication station, to generate pump so 
light that is supplied to the optical amplification 
unit; 

branching means (1 33, 134.) for branching off 
part of the multi -wavelength light that is ampli- 
fied by the optical amplification unit and guiding 25 
the branched -off portion of the multi- wave- 
length light to the second transmission path; 
and 

a control circuit (112), installed within or near 
the first communication station, to split the 30 
multi -wavelength light input via the second 
transmission path into its individual wavelength 
components and adjust the power of the light 
emitted by said light source in order to adjust 
the level of the light of the individual wave- 35 
lengths that are output from the first communi- 
cation station. 

13. A multi -wavelength light transmission system 
according to claim 12, further comprising 40 

adjusting means (1 12) for adjusting the power 
of the light emitted by said light source corre- 
sponding to the number of multiplexed wave- 
lengths in the multi-wavelength light. 45 

14. A mutti -wavelength light transmission system, in 
which an optical amplification unit (47) is installed 
on a transmission path through which multi-wave- 
length light is transmitted between a sending sta- so 
tion (10) and a receiving station (20). comprising: 

a light source (71). installed within or near the 

sending station, to generate pump light; 

a pump light transmission path that supplies ss 

the pump light generated by said light source to 

the optical amplification unit; 

branching means (142, 143) for branching off 



part of the multi-wavelength light after amplified 
by the optical amplification unit and guiding the 
branched-off multi -wavelength light to the 
pump tight transmission path; and 
a control circuit (141) to receive the portion of 
the multi-waveJength light that is branched off 
by said branching means, and adjust the power 
of the light emitted by said light source in order 
to adjust the light levels on a plurality of chan- 
nels which are multiplexed on the received 
mufti-wavelength light. 

15. A multi- wavelength light transmission system, in 
which an optical amplification unit (47) is installed 
on a transmission path through which multi-wave- 
length light is transmitted between a sending sta- 
tion (10) and a receiving station (20), comprising: 

a light source (71), installed within or near the 
sending station, to generate pump light to be 
supplied to the optical amplification unit; 
branching means (142, 151) for branching off 
part of the multi -wavelength light after amplified 
by the optical amplification unit and guiding the 
branched-off portion of the multi -wavelength 
light to the transmission path so that it is trans- 
mitted in the direction from the receiving station 
to the sending station; and 
a control circuit (112) to receive the portion of 
the multi -wavelength light that is branched off 
by said branching means, and adjust the power 
of the light emitted by said light source in order 
to adjust the light levels on a plurality of chan- 
nels which are multiplexed on the received 
multi-wavelength light. 

16. A multi-wavelength light transmission system, in 
which an optical amplification unit (47) is installed 
on a transmission path through which multi -wave- 
length light is transmitted between a sending sta- 
tion (10) and a receiving station (20), comprising: 

a light source (71), installed within or near the 
sending station, to generate pump light to be 
supplied to the optical amplification unit; 
detecting means (164) for detecting a residual 
pump light that passes through the optical 
amplification unit; and 

a control circuit (164) to adjust the power of the 
light emitted by said light source based on the 
power of residual pump light detected by said 
detecting means. 

17. A multi-wavelength light transmission system, in 
which an optical amplification unit (41) is installed 
on a transmission path through which multi-wave- 
length light is transmitted between a sending sta- 
tion(10) and a receiving station (20), comprising: 
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a light source (45), installed within or near the 
receiving station, to generate pump light to be 
supplied to the optical amplification unit; 
detecting means (172) for detecting a residual 
pump light that passes through the optical 
amplification unit; and 

a control circuit (1 72) to adjust the power of the 
light emitted by said light source based on the 
power of residual pump light detected by said 
detecting means. 

18. A multi-wavelength light transmission system, in 
which an optical amplification unit (47) is installed 
on a transmission path through which multi-wave- 
length light is transmitted between a sending sta- 
tion (10) and a receiving station (20). comprising: 



21 . A transmission system conf igured so that an optical 
fiber amplifier is installed on a transmission path 
that transmits multi-wavelength light between a 
sending station and a receiving station, and pump 
5 light is supplied to the optical fiber amplifier from a 

remote location, such that: 

the power of the light emitted by the light 
source that supplies pump light to the optical 
to fiber amplifier from the remote location is 

adjusted according to a number of light signals 
that are multiplexed on the multi-wavelength 
light. 



a light source (71). installed within or near the 
sending station, to generate pump light to be 
supplied to the optical amplification unit; 20 
reflecting means (181), installed following the 
optical amplification unit, reflecting the pump 
light; and 

a control circuit (164) to adjust the power of the 
light emitted by said light source based on the 25 
power of the pump light reflected by said 
reflecting means. 



1 9. A transmission system configured so that an optical 
amplification unit is installed on a transmission path 30 
that transmits multi-wavelength light between a 
sending station and a receiving station and that 
pump light to the optical amplification unit is sup- 
plied from a remote location, such that: 

35 

a light source that supplies pump light to the 
optical amplification unit and a control circuit 
that adjusts the power of the light emitted by 
the light source so as to equalize the light levels 
of a plurality of light signals that are multiplexed 40 
on the multi-wavelength light are installed near 
each other, and, the light source and the con- 
trol circuit are installed at a location remote 
from the optical amplification unit. 

45 

20. A transmission system configured so that an optical 
fiber amplifier is installed on a transmission path 
that transmits multi- wavelength light between a 
sending station and a receiving station, and pump 
light is supplied to the optical fiber amplifier from a 50 
remote location, such that: 



the power of the light emitted by the light 
source that supplies pump light to the optical 
fiber amplifier from the remote location is 55 
adjusted so as to equalize the light levels of a 
plurality of light signals that are multiplexed on 
the multi-wavelength light. 
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(54) A remotely pumping type multi-wavelength light transmission system 



(57) Multi-wavelength light is transmitted from a 
sending station to a receiving station. An erbium-doped 
optical fiber is installed on the transmission path that 
connects the sending station and the receiving station. 
Pump light is supplied from a light source installed in the 



receiving station to the erbium-doped optical fiber. In the 
receiving station, the multi-wavelength light is decom- 
posed into the component wavelength signals. The light 
level of each component wavelength signal is detected, 
and the power of the light emitted by the light source is 
controlled so as to equalize those light levels. 
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